Using the VLA at 8.485 GHz, we have imaged the southern portion of the star-forming ridge of molecular gas in NGC 6334. The di use radio source G351.20+0.70, discovered by Moran et al. (1990) , is now resolved into a roughly spherical shell of radius 1 0 (0.5 pc). The distribution of molecular gas, traced by CO emission, of photodissociated gas, traced by C II] 158 m emission, and of ionized gas, traced by radio continuum emission, is precisely that expected for a photodissociation region| the ionized gas lies on the interior of the shell, the photodissociated gas just outside the ionized gas, and the molecular gas just outside the photodissociated gas.
Introduction
When an O or B star forms in a molecular cloud, the stellar ultraviolet (UV) radiation has a profound e ect on the interstellar medium. The UV photons energetic enough to ionize hydrogen (E > 13:6 eV) will create a sharply bounded H II region around the star, but less energetic UV photons escape the H II region and penetrate the surrounding molecular gas. These soft UV photons are still energetic enough to photodissociate molecules and to ionize atoms such as carbon, silicon, and sulfur which have ionization potentials less than 13.6 eV. Thus, just outside the H II region, the soft UV radiation creates a so-called \photodissociation region" (PDR) where hydrogen is neutral, but low ionization potential atoms are ionized and molecules such as CO are photodissociated. The relative distribution of atomic, molecular, and ionized gas in certain star formation regions (e.g., M 17 { Stutzki et al. 1988 ) con rms the reality of PDRs.
Theoretical PDR models (c.f., Tielens & Hollenbach 1985; Sternberg & Dalgarno 1989; Burton, Hollenbach, & Tielens 1990 ; Wol re, predict that the primary coolants of PDRs are far-infrared ne-structure atomic lines, particularly those of O I] and C II]. Hence, these lines are quite bright near regions of massive star formation. In fact, the C II] line accounts for 0.1 to 1% of the total far-infrared luminosity in spiral galaxies . Because the FIR lines are so bright, they can be advantageously used to infer the physical conditions in gas near recently formed massive stars. In addition, since the molecular gas at the H II region/molecular cloud interface is heated to high temperatures (> 300 K), molecular line emission is also very bright.
The structure of PDRs is determined by the optical depth of dust, which limits how far the UV radiation can penetrate the cloud. The UV radiation is e ectively stopped at a visual extinction A V of a few. Thus, in an idealized case of an O star in a homogeneous medium, the star would be surrounded by an H II region where hydrogen is fully ionized.
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The H II region in turn would be surrounded by a spherical photodissociated shell consisting primarily of atomic and molecular hydrogen, but traced by the FIR lines of neutral oxygen and ionized carbon. Finally, at larger distances, the UV radiation is entirely absorbed, and all species are in molecular form.
The southern star-forming region NGC 6334 provides an ideal laboratory to study the e ects of stellar UV radiation on the surrounding interstellar medium. NGC 6334 is a molecular cloud/H II region complex at l = 351:42 ; b = 0:65 . It is associated with a large optical nebula roughly 30 0 60 0 (15 30 pc) across. NGC 6334 is unique among star-forming molecular cloud complexes in having at least seven distinct sites of massive star formation (FIR sources I through V as well as I(N) and I(E): c.f., McBreen et al. 1979; Harvey & Gatley 1983; Loughran et al. 1986) . At a distance of 1.7 kpc (Neckel 1978) , it is also one of the nearest massive star forming regions. NGC 6334 contains a wide variety of activity generally associated with star formation, such as water masers (Moran & Rodr guez 1980) , H II regions (Rodr guez, Cant o, & Moran 1982) , luminous infrared sources (Loughran et al. 1986) , and molecular out ows (Fischer et al. 1982; Bachiller & Cernicharo 1990) . The H II regions range in size from < 0:02 to 0.33 pc, suggesting large di erences in their Lyman continuum uxes (Rodr guez et al. 1982) . Indeed, the spectral types in this region range from B0 to O6 (Rodr guez et al. 1982) . These OB stars are each separated from their nearest neighbor by about 2 0 and are arrayed along a 20 0 3 0 (10 1:5 pc) ridge of molecular gas that extends northeast to southwest.
Because these OB stars are well isolated, one can more easily study the e ects of ultraviolet elds on the local circumstellar environment. The obvious advantage of studying young stars in the same molecular complex is that the stars all formed in the same global environment. Consequently, global factors like density waves, elemental abundances, and the age of the parental molecular cloud cannot contribute to the di erences among the star forming regions. Instead, the di erences must arise only from local e ects, such as the { 6 { stellar luminosity and UV eld strength. Furthermore, since the region is relatively nearby (d = 1.7 kpc; Neckel 1978) , the photodissociation regions can be studied at good spatial resolution. In an ongoing e ort to investigate photoprocesses in the interstellar medium, we have been imaging NGC 6334 in a number of wavebands to study its interstellar medium in all of its phases: molecular gas, atomic gas, ionized gas, and dust.
In the course of this investigation, two puzzling results have emerged. First, we have discovered a region of photodissociated gas with no apparent compact ionizing source. Since the FIR ne-structure lines of ionized carbon and neutral oxygen are the primary coolants of photodissociation regions (c.f., Tielens & Hollenbach 1985) , we have imaged 158 m C II], 63 m O I], and 145 m O I] line emission from the KAO with the UCB/MPE spectrometer FIFI . The second brightest peak of the C II] emission in NGC 6334 ( 50 = 17 h 16 m 45 s ; 50 = ?35 52 0 40 00 ) is not coincident with any of its known OB stars. This rather surprising result suggests that there is an unknown source of UV radiation in the cloud , Kraemer 1998 .
Second, previous studies have discovered objects in NGC 6334 with large infrared to radio continuum ratios, inconsistent with ionization by a ZAMS star (e.g., Harvey & Gatley 1983 , Rengarajan & Ho 1996 . Most notable among these are two infrared continuum sources: (1) NGC 6334 IV{IRS 20 (Harvey, Hyland, & Straw 1987) , which lies close to the H II region NGC 6334 A (= IRS 19), and (2) the far-infrared continuum source NGC 6334 V (McBreen et al. 1979) . For both of these objects, a single ZAMS O star with the observed infrared luminosity would produce far more ionizing ux than implied by the observed radio continuum emission. Apparently, these objects are considerably redder than a ZAMS of the same bolometric luminosity. This radio/IR discrepancy is often explained by suggesting that the objects are protostars (e.g., Harvey & Gatley 1983) , but other explanations, such as optically thick radio free-free emission, are possible (Rengarajan & Ho 1996) .
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To investigate the ionized gas component in the southern portion of NGC 6334 we observed the 3.5 cm radio continuum emission with the VLA. We nd that the photodissociated gas is indeed associated with di use ionized gas whose structure suggests a 0:5 pc radius photodissociated shell. We detect a faint radio counterpart to NGC 6334 IV{IRS 20, and also con rm the detection of faint radio continuum sources in NGC 6334 V. We further analyze the radio continuum emission from these sources and conclude that the sources in NGC 6334 V are probably protostars.
Observations and Results
The observations were made on 23 April 1996 with the Very Large Array 1 . The array was in its C con guration, which yields an angular resolution of 2 00 6 00 for our rest frequency of 8.485 GHz. The phase calibrator was 1730-130 and the ux calibrator was 3C286. The u; v data were Fourier transformed with uniform weighting, self-calibrated, and CLEANed in the usual way using the AIPS software package.
Our 3.5 cm image of the southern portion of the NGC 6334 star-forming ridge ( Figure  1 ) reveals four major radio sources in the eld:
(1) NGC 6334 A (a.k.a. NGC 6334 IV): This source consists of a nearly spherical central shell with two plumes of radio emission to the north and south. This bipolar radio structure was discovered by Rodr guez, Cant o, & Moran (1988) , who suggested that it results from an obscuring dust torus that surrounds the central O star. Recent observations of molecular gas strongly support this suggestion. The molecular line data is consistent with a 2,000 M torus surrounding NGC 6334 A (Kraemer et al. 1997 ). (Harvey et al. 1987) . The 3.5 cm ux for this object is F = 3:6 0:3 mJy (Table 1) .
(3) G351.20+0.70. This source was rst serendipitously detected by Moran et al. (1990) as part of a VLA 6 cm study of NGC 6334 B. G351.20+0.70 was found to be somewhat extended at 30 00 10 00 resolution with a total 6 cm ux of 4.0 Jy. Our new 3.5 cm image shows that G351.20+0.70 appears to be part of a much larger ring or shell of radio emission (Fig. 1) . The ring's radius is about 1 arcmin (0.5 pc at the distance of NGC 6334). There is no compact radio source detected near the ring's center. The total ux from the shell is 1:2 0:1 Jy.
(4) NGC 6334 V. We nd three unresolved sources coincident with the far infrared source NGC 6334 V (see Figs. 1 and 3) . Two of these have previously been detected by Rengarajan & Ho (1996) . The easternmost of the 3.5 cm sources is in fact a barely resolved blend of Rengarajan & Ho's sources E1 and E2. 3. The G351.20+0.70 Radio Shell
The rst puzzle that prompted us to image the radio continuum emission of this object was the C II] 158 m emission peak (hereafter called \the C II] peak") that was not associated with any of the compact radio or FIR continuum sources in NGC 6334. Apparently, there is a bright photodissociation region at this location with no local OB star to provide the UV radiation. Supporting evidence for the presence of photodissociated material is the coincidence of the C II] emission with strong 12 m and 25 m continuum emission from the IRAS database (Kraemer et al. 1997 ).
{ 9 { Ionized gas toward the C II] peak was rst detected by Moran et al. (1990) , who serendipitously discovered 6 cm radio emission toward this position. also discovered extended 2.2 m continuum emission in this vicinity that they interpreted as free-free emission excited by NGC 6334 V.
We nd that G351.20+0.70 is apparently part of a larger di use shell of radio emission, about 2 0 (1 pc) in diameter. Although there are some gaps in the radio emission, the shell is nearly complete. The northern portion is the brightest and most extended. The southeastern portion has a sharper, rather straight edge that corresponds well to the sharp edge of an optical nebula. The western portion is arc-like, and it overlaps the position of NGC 6334 V. Although the morphology strongly suggests that G351.20+0.70 is in fact a complete shell, it is also possible that the various pieces of the \shell" are physically unrelated sources that happen to lie along the same line of sight.
The Ionizing Source
If the various portions of G351.20+0.70 are in fact physically distinct, and not part of a shell, then the ionizing sources are likely to be local to each portion. Unfortunately, as there is no existing infrared J,H,K photometry toward most of the shell, especially the bright northern region, it is di cult to assess its stellar content.
If the radio emission is actually arrayed in a spherical shell, the shell contains NGC 6334 V, and it is centered at a position roughly 1 0 (0.5 pc) away. Consequently, NGC 6334 V itself is very unlikely to be the ionizing source.
The ionizing source (or sources) for the shell remain unknown. Straw, Hyland, & McGregor (1989) have imaged the region surrounding NGC 6634 V at the infrared J, H, and K bands and nd a large number of unresolved IR sources. They nd 8 objects with a { 10 { signi cant H-K excess, presumably pre-main sequence stars, and six objects whose J,H,K colors suggest that they are main-sequence stars early enough to produce signi cant ionizing radiation.
The stars closest to the shell's center which are the best candidates for the ionizing source (or sources) are stars 41 and 45 from (see Fig. 4 ). Star 41 is in fact much brighter than star 45 at K (m K = 8:5 mag), and is classi ed as spectral type B4 based on near-IR colors. However, a B4 star cannot provide su cient ionizing ux to account for the observed radio ux from the shell (see x4.1); a B0 star is required. Star 41 is within the positional errors coincident with an emission line star, SS 303, identi ed optically by Stephenson & Sanduleak (1977) . At the H continuum, SS 303 has an apparent magnitude of 13.5. Note that a B0 star at the distance of NGC 6334 would have roughly this apparent magnitude with only modest extinction (A V 1).
Although SS 303 may ionize the shell, it is puzzling that no compact radio source is coincident with it, nor with any other of the candidate early stars identi ed by . We suggest two possible explanations for the lack of compact radio continuum emission. First, the shell's interior might be very tenuous, and the lack of a compact radio source would be due to the lack of su cient emission measure to produce localized free-free emission. In this scenario, the shell marks the edges of a cavity, perhaps evacuated by stellar winds or out ows. Second, the shell may be powered by a cluster of intermediate mass stars, no one of which can produce a localized bright H II region, but whose cumulative radiation eld may be su cient to ionize the shell. Since the shell requires only a B0 star to account for the radio emission, a cluster of somewhat later type B stars might be able to supply the ionizing radiation. Of course, if the individual portions of the shell are ionized locally, then the need for a central ionizing source vanishes. Future observations of the IR sources within the shell are necessary to distinguish among these possibilities. Regardless of the identity of the exact ionizing source (or sources), the shell-like nature of the ionized gas and its association with C II] emission suggest that it is an excellent example of a simple photodissociation region (PDR). In the ideal case of a homogeneous medium an OB star will be surrounded rst by a sphere of ionized sphere, then by a spherical shell of photodissociated gas, and nally by molecular gas.
The relative distribution of ionized, photodissociated, and molecular gas in G351.20+0.70 conforms almost exactly to this idealized model. We use radio continuum free-free emission to trace the ionized gas, C II] 158 m emission to trace the photodissociated gas, and CO 2 ! 1 emission to trace the molecular gas. Although closely associated, these tracers are not spatially coincident, and their distribution is that expected in a PDR.
The nearly spherical shell of radio emission suggests that the H II region is being ionized from a source or sources near the shell's center. Toward the northeastern portion of the shell, the C II] emission is also arc-like, but it lies outside of the radio continuum emission. Finally, in this same region, the CO emission, also arc-like, lies further outside of the C II] emission. These relative distributions (Figs. 4, 5, 6 , and 7) are precisely that expected for a PDR.
Toward the western portion of the shell, the various tracers also match those expected for a a PDR. The radio, C II], and CO emission are separated and in the sequence expected for an ionizing source or sources to the east. In the southern portion of the shell, the distribution of the various tracers is not so straightforward. We surmise from our CO map that the molecular gas toward the northeast has the highest column density, and the PDR emission is consequently strongest there. Toward the south the geometry or the molecular gas column may be less favorable to detect structure in the PDR.
4. The Infrared-Radio Discrepancy in NGC 6334 IV{IRS 20 and NGC 6334 V
The second puzzle that prompted us to study NGC 6334 was the discrepancy between the radio and infrared techniques in determining the spectral types of two of its stars: NGC 6334 IV{IRS 20 and NGC 6334 V. For both objects the large infrared luminosity suggest an early type ZAMS but the lack of radio continuum, and by inference a strong UV eld, suggests a much later type star. Below we discuss the possible reasons for this discrepancy.
Radio Free-free Emission and Spectral Type
Free-free emission from H II regions has been thoroughly analyzed by Schraml & Mezger (1969) . The theory shows that for optically thin free-free emission, the radio ux is proportional S , the ux of ionizing photons with energies greater than 13.6 eV. Since the ux of ionizing photons can be modeled theoretically for ZAMS OB stars, the radio ux provides a direct estimate of the stellar spectral type.
We have performed this estimate in the following manner. We consider the excitation parameter U, de ned as U = R S n 2=3 e , where R S is the Str omgren radius and n e is the electron density. For optically thin free-free emission the excitation parameter is given by U = 4:5526 a( ; T e ) ?1 0:1 T 0:35 e S D 2 ] 1=3 :
Here U is the excitation parameter in pc cm ?2 , a( ; T e ) is a factor near unity that corrects for an approximation to the opacity, is the frequency in GHz, T e the electron temperature in K, S the ux density in Jy, and D the distance in kpc (Schraml & Mezger 1969) . For these observations, = 8:485 GHz and D = 1:7 kpc. For an assumed electron temperature { 13 { of T e = 8; 000 K, the radio continuum ux is related to the emission measure by S = ( U 20:25 ) 3 :
The theory of H II regions asserts that S , the ux of ionizing photons, is also proportional to U 3 . One can therefore use the tabulated values of the excitation parameter for ZAMS OB stars (Panagia 1973) to estimate the ZAMS spectral type (see Fig. 8 ) from the radio ux. The inferred spectral type can than be compared with the theoretical bolometric luminosity, which presumably emerges in the infrared.
Comparison of Radio and Infrared Spectral Types in NGC 6334
For IRS 20, the 3.5 cm radio ux is 3:6 0:3 mJy. This radio ux corresponds to a ZAMS spectral type of B1. However, although a ZAMS B1 star has a bolometric luminosity of L 5; 000 L , the infrared luminosity of IRS 20 is L = 80; 000 L (Harvey & Gatley 1983) , which corresponds to a spectral type of O7.5. Clearly, there is a large discrepancy.
A similar discrepancy exists for the three radio continuum sources in NGC 6334 V. They each have a 3.5 cm ux of 1.4 to 1.7 mJy, which corresponds to a spectral type of B2. Although the bolometric luminosity of a B2 star is only 2; 800 L , the measured infrared luminosity for NGC 6334 V is about 200; 000 L (Loughran et al. 1986 ). Again, there is a large discrepancy between the infrared and the radio.
Possible Explanations for the Radio -Infrared Discrepancy
The radio-infrared discrepancy suggests that the objects NGC 6334 IV{IRS 20 and NGC 6334 V are much redder than ZAMS. We examine below a number of possibilities to { 14 { account for this apparent discrepancy: (1) optically thick free-free emission, (2) extinction by dust, (3) a cluster of later type stars, and (4) protostellar objects.
Optically Thick Free-free Emission
The estimates for the ionizing ux based on radio free-free emission tacitly assume that the emission is optically thin. If the H II region were in fact optically thick in the radio, then radio photons would be trapped inside the H II region, and the ionizing ux would be underestimated. Here we investigate the possibility of optically thick free-free emission.
Density of Optically Thick H II Regions
To a good approximation, the free-free opacity is given by 0:08235T ?1:5 e ?2:1 E (3) where is the opacity, T e the electron temperature in K, the observing frequency in GHz, and E the emission measure in pc cm ?6 (Schraml & Mezger 1969) . For an electron temperature of T e = 8; 000 K and our observing frequency of = 8:485 GHz, the opacity is 1:3 10 ?9 E : (4) Optically thick emission will occur when > 1, or, equivalently, when the emission measure exceeds the critical value E thick = 7:7 10 8 pc cm ?6 . For a homogeneous sphere of radius r the emission measure is roughly E 2rn 2 . Since the radio sources associated with NGC { 15 { 6334 A|IRS 20 and NGC 6334 V are unresolved, they have diameters less than about 0.02 pc. Inserting this value into the above equation, we obtain a minimum density for optically thick free-free emission: n min ' 2:0 10 5 cm ?3 :
This density is not particularly large for a young H II region that formed in a dense molecular core.
If each of the radio sources in NGC 6334 is indeed an optically thick H II region surrounding a ZAMS star, we can estimate its size as follows. We assume that the electron temperature is 8,000 K. Consequently, the brightness temperature for the optically thick source is also 8,000 K, and any observed brightness temperature smaller than this value is due to beam dilution. Because the observed brightness temperature is only T B 3 K, the beam dilution factor is = 3 K=8; 000 K = 0:0003, which corresponds to a source size roughly a factor of 1=2 = 0:018 smaller than the beam, or 0:05 00 . This corresponds to a Str omgren radius of R S = 0:0004 pc.
If we apportion the infrared luminosity equally among the three IR/radio sources in NGC 6334 V, each one has an intrinsic bolometric luminosity of about 57,000 L . This luminosity corresponds to a spectral type of O8.5, which has an ionizing ux of S = 1:62 10 48 s ?1 . The corresponding density required for a Str omgren sphere of radius 0.0004 pc and this ionizing ux is n = 2:5 10 7 cm ?3 , a large density but certainly not implausible. Such an H II region would have a free-free opacity of 2; 600. A similar calculation for IRS 20 yields essentially the same estimate for density. Thus, an optically thick H II region surrounding an O star in a uniform medium of density n 10 7 cm ?3 would produce both the measured infrared and radio continuum emission and easily explain { 16 { the radio/infrared discrepancy.
Comparison with Radio Data
Although optically thick free-free emission is an attractive explanation for the radio/infrared discrepancy, the observational data must match the expected radio continuum spectrum for optically thick free-free emission. Optically thick free-free emission will have a radio spectrum S / 2 . We can test this hypothesis by comparing our 3.5 cm uxes with the 2 cm data from Rengarajan & Ho (1996) and the 1.3 cm data from . The 1.3 cm data of clearly show an unresolved 8:5 1:6 mJy source coincident with IRS 20 (Fig. 2) . No 1.3 cm continuum sources brighter than 2.1 mJy are detected toward NGC 6334 V.
Unfortunately, there is a discrepancy between Rengarajan & Ho's Table 2, which lists the 2 cm uxes, and their Figure 4 , which displays the image. We therefore obtained the archival data from the VLA and reprocessed their 2 cm data. We nd that the peak uxes in Rengarajan & Ho's Table 2 are correct, but there is an error in the caption to their Figure 4 . We also note an error in the position for source E3 in Rengarajan & Ho's The 1 to 3 cm radio continuum data for the sources in NGC 6334 V (Fig. 9) show that the spectra for the sources in NGC 6334 V are essentially at. The spectrum for IRS 20, although not as at as the sources in NGC 6334 V, is signi cantly atter than 2 . Since the spectra clearly do not rise as 2 for either NGC 6334 V or NGC 6334 IV{IRS 20, optically thick free-free emission from homogeneous H II regions can de nitely be excluded as a viable explanation for the radio/IR discrepancy. { 17 {
H II Regions with Density Structure
Massive stars that undergo mass loss may have densities that depend on radius, and hence their H II regions are not homogeneous. For uniform mass loss, the density depends on radius as n / r ?2 . Close to the star the H II region is optically thick, but the radius at which it becomes opaque depends on frequency, and the emergent radio spectrum has a atter frequency dependence (S / 0:6 ) than that of a homogeneous H II region (S / 2 ) (Panagia & Felli 1975) .
For NGC 6334 IV{IRS 20 the 8 -23 GHz spectral index (0:83 0:20) is consistent with the value of 0.6 expected for a star undergoing mass loss. Indeed, at a wavelength of 3.5 cm, a star undergoing mass loss with the measured radio ux will have an angular size of about 0.05 00 (0.0004 pc). This size scale matches the size expected for an optically thick H II region with electron temperature 8; 000 K (see x5.1.1.). Moreover, IRS 20 may well drive an out ow . Thus, all available data are consistent with IRS 20 being a deeply embedded O star undergoing mass loss.
On the other hand, the 8 -15 GHz spectral indices for NGC 6334 V|R-E2 and R-E3 (?0:01 0:35 and ?0:26 0:33, respectively) are inconsistent with the value of 0.6 expected for a n / r ?2 H II region. Moreover, the upper limits at 23 GHz for both sources clearly exclude a spectral index of 0.6. In fact, the spectral indices are quite consistent with the value of -0.1 expected for an optically thin H II region. Only with a density distribution n / r ?3=2 will the spectral index of an optically thick H II region match this value, but in fact for such a distribution the total radio ux diverges to in nity unless arti cial boundary conditions are imposed (Panagia & Felli 1975) . Because of their at cm wave spectral indices, we conclude that NGC 6334 V|R-E2 and R-E3 are optically thin H II regions.
Dust Opacity
In dusty H II regions, dust will compete with hydrogen for UV photons, and an H II region with signi cant dust opacity will produce less free-free emission than one without dust. For optically thin H II regions, the reduction in the free-free ux is proportional to the parameter y 3 , where y = r i =r S . (For optically thick emission, the reduction is proportional to y 2 .) Here, r i is the new equilibrium radius of the dusty H II region and r s is the Str omgren radius without dust (Spitzer 1978) . Clearly, the reduction in the radius of the Str omgren sphere is related to the UV dust opacity d . For a standard gas-to-dust ratio, there is also a relationship between the stellar spectral type and the parameter d n 1=3 H , where n H is the proton density (Spitzer 1978) . Thus, one can directly compare the theoretical e ects of dust opacity with the observations. For IRS 20 the expected radio ux for an O7.5 star, as implied by the infrared luminosity, is about 9.25 Jy, whereas the measured ux is only about 3.6 mJy. Thus, if dust quenches the UV emission from the star, the equilibrium radius is reduced from the dustless radius by a factor of about (0:0035=9:25) 1=3 = 0:07: This value of y requires dust opacities of roughly d 125. For an O7.5 star, d n ?1=3 H 0:33 cm (Spitzer 1978) , and for d 125, the implied density is very large, n > 5 10 7 cm ?3 . Similarly, for the sources in NGC 6334 V, the IR luminosity suggests O8.5 stars. In this case the dust opacity is about d 130 and the implied density is also very large, n > 10 8 cm ?3 .
Although dust opacity might explain the smaller than expected radio to infrared ux ratio, the dusty H II regions require such high densities that they would also be optically thick in radio free-free emission. For the required densities and the size of the ionized zone (smaller by a factor of y than the Str omgren radius), the free-free opacities are ff 30 and 50 for IRS 20 and NGC 6334 V, respectively. Of course, these estimates for opacity depend upon the speci c model for dust albedo in the UV, but it is unlikely that using di erent models would lower the estimate for free-free opacity by factors of 30 to 50. We conclude that, although dust quenching is probably consistent with the data for NGC 6334 IV{IRS 20, this explanation seems to be precluded for NGC 6334 V|RE-2 and RE-3 on the grounds that the radio spectrum fails to match an optically thick free-free spectrum.
Cluster of B Stars
Another possible explanation for the infrared/radio discrepancy is to relax the assumption that a single object is responsible for both the radio and infrared luminosity. If instead of a single O star there exists a cluster of B stars, the lack of ionizing radiation can be explained by the cooler surface temperatures of the B stars, whereas the large infrared luminosity can be accounted for by a large number of B stars.
For IRS 20, the radio free-free emission suggests a spectral type of B1, which has a luminosity of about 5,000 L . To account for the 80,000 L of infrared luminosity, we require a large number of stars later than B1. For example, about 25 B2 stars and a single B1 star could account for both the radio and infrared luminosity. Similarly, NGC 6334 V also might consist of a cluster of roughly 30 B2 stars. Indeed, since there are at least 3 distinct compact radio/infrared sources in NGC 6334 V, this explanation gains some support.
The problem with this scenario is that the clusters would be very compact and massive. The IR luminosity in IRS 20 comes from a region < 0:01 pc in size. The three IR peaks in NGC 6334 V are also this size or smaller, and the total extent of the region is < 0:1 pc. For these objects, the required stellar mass density in B stars alone would exceed a few 10 7 M pc ?3 , a very large value that far exceeds the stellar mass density of open clusters ( 10 2 M pc ?3 ), globular clusters ( 10 4 M pc ?3 ), and even the Galactic Center ( 10 6 M pc ?3 ) (Binney & Tremaine 1987; Genzel & Townes 1987) . Furthermore, for a reasonable { 20 { initial mass function, there would be much more mass contained in later type stars. It seems unreasonable to nd such compact, massive star clusters. If these objects are clusters of B stars, they would represent the densest star clusters yet discovered. We conclude that this explanation is unlikely.
Protostars
A likely explanation for the radio/infrared discrepancy is that the luminous objects are protostars. Theoretical studies suggest that as a massive star is born, it begins as a low-temperature, high-luminosity object, precisely what is required for NGC 6334 V and IV{IRS 20. Indeed, in the absence of accretion, massive stars follow almost horizontal tracks on the H-R diagram, with rather constant luminosity but beginning as very red objects which become hotter and hotter as they evolve onto the main sequence (e.g., Iben 1965) . Although accretion can contribute signi cantly to the luminosity of lower mass stars, for reasonable accretion rates it is relatively unimportant for higher mass stars. Massive protostars with bolometric luminosities of 100; 000 L require protostellar masses of about 20 M (Fletcher & Stahler 1994) .
Although the data for NGC 6334 IV{IRS 20 suggest that it may in fact be an embedded O star, only a protostellar interpretation seems to t the data for NGC 6334 V. If NGC 6334 V{RE-2 and RE-3 are indeed protostars, they are important objects for further study, as there are few compelling known candidates for massive protostars.
Conclusions
In an ongoing study of photoprocesses in NGC 6334, we present a VLA 3.5 cm image of the southern portion of the star-forming ridge in order to study its ionized gas. These data address two main issues: (1) the nature of the \ C II] peak," a region of intense photodissociation with no apparent compact ionizing source, and (2) the discrepancy between the ZAMS spectral types implied by the radio and the infrared continuum emission.
The \ C II] peak" is associated with a larger shell of radio continuum emission, part of which was previously identi ed as G353.70+0.20 by Moran et al. (1990) . The apparent shell is nearly complete and centered on a position roughly 1 0 north of the far infrared source NGC 6334 V. The observed radio ux requires a ZAMS B0 to provide su cient ultraviolet radiation to ionize the shell. The best candidate for the ionizing source is star 41 of , also known as SS 303 (Stephenson & Sanduleak 1977) . The relative distribution of molecular gas (traced by CO), photodissociated gas (traced by C II]), and ionized gas (traced by radio continuum) conforms to that expected for a simple photodissociation region. The ionized gas is on the interior, followed by a shell of photodissociated gas at slightly larger radius, and nally surrounded by molecular gas.
For two objects in NGC 6334, NGC 6334 V and NGC 6334 IV{IRS 20, the ZAMS spectral type implied by the infrared continuum, which measures bolometric luminosity, is much earlier than that implied by the radio continuum, which measures the ionizing ux. We detect a faint radio counterpart to NGC 6334 IV{IRS 20 and three radio counterparts to NGC 6334 V (two of these are previously reported by Rengarajan & Ho 1996) . We examine four possible explanations for this discrepancy: (1) optically thick radio free-free emission, (2) dust absorption of the ionizing UV ux, (3) a cluster of later-type stars, and (4) protostellar objects. Optically thick radio free-free emission requires very large densities (n > 10 7 cm ?3 ), but the radio spectrum is inconsistent with a homogeneous, optically thick free-free emission. On the other hand, the radio spectral index for NGC 6334 IV{IRS 20 (but not for NGC 6334 V) is consistent with that expected from an inhomogeneous, optically thick H II region with the density law n / r ?2 expected for a star undergoing mass loss. Dust absorption of the UV emission also requires very large densities, but for these { 22 { objects the emission measures would be so large that the free-free emission would become optically thick. For NGC 6334 V, this is excluded by the at radio spectrum. Although a cluster of B stars could in principle provide enough luminosity to account for the infrared observations and yet only a small amount of ionizing UV radiation to account for the radio observations, such a cluster would have implausibly large stellar volume densities. Perhaps the most plausible explanation consistent with the data for the faint radio sources in NGC 6334 V is that these objects are protostars.
We thank an anonymous referee for suggesting that we examine power-law density distributions for the H II regions, and for important comments which have greatly improved the presentation of this paper. This research has made use of NASA's Astrophysics Data System Abstract Service. ; contour levels are at (-4, 4, 8, 16, 32, 64, 90 ) mJy/beam; beamsize 2:3 2:0 00 . (b) 3.5 cm map of NGC 6334 A and NGC 6334 IV{20 (this work); contour levels are at (-1, 1, 2, 3, 4, 5, 10, 20, 50, 70, 90) Kraemer 1998). Contour levels are at (1; 2; 4; 8; 16; 32; 64; 90) 5:4 mJy/beam; peak CO { 27 { 2 ! 1 intensity is 820 K km s ?1 at NGC 6334 V. The beamsize for the CO data was FWHM = 26 00 ; the 3.5 cm data were resampled to 9 00 . The uncertainty in the absolute calibration of the CO data is 30%; the relative calibration across the map is better than 5%. Contour levels: (1; 2; 3; 4; 5; 6; 7; 8; 9; 10) 1:5 10 ?4 erg cm ?2 s ?1 ster ?1 . Note that the CO emission lies to the northeast of arc of C II] emission. The arrowed line shows the positions along which the slices in Fig. 7 were taken. scaled such that the peak at each wavelength is unity. Fig. 8 .| Expected 3.5 cm radio ux vs. ZAMS luminosity for early type stars. The model assumes optically thin free-free emission, T e = 8; 000 K, and D = 1:7 kpc. Ionizing uxes and luminosities for ZAMS stars are taken from Panagia (1973) . Fig. 9 .| Flux density vs. frequency for R-E2 and R-E3 in NGC 6334 V and for NGC 6334 IV{IRS 20. Upper limits for R-E2 and R-E3 at 1.3 cm are 2 limits; ux uncertainties are 1 . The expected behaviors for three types of emission is shown, normalized to the observed ux of R-E2 at 3.5 cm: optically thick emission in a constant density F / 2 , thick line; optically thick emission in a density gradient (n / r ?2 ) F / 0:6 , dot-dashed line; and optically thin emission F / ?0:1 , dotted line. Optically thick emission in a density gradient (dot-dashed line) is also shown normalized to IRS-20. Note that R-E3 has been shifted slightly in frequency for clarity.
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